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Chapter 1 Introduction 
 
In this chapter, the background of the research, the basic idea of Academic 
Active Information Resource system and overview of this research would be 
described. Lastly, the organization of the research would be described. 
 
1.1 Background 
Nowadays, academic information resources are increasingly being generated 
in digital form. The large amount of these resources leads to the difficulty in 
using academic information resources effectively. Therefore, the agent-based 
approach was introduced and developed by Active Information Resource 
(AIR) scheme in order to support for using these resources in distributed 
environment and to get used of the characteristic of complex relations among 
academic information resources. As a result, academic information resources 
were created as Academic Active Information Resources (AAIRs). Then, the 
knowledge enhanced method was introduced and applied to improve the 





According to this method, Academic Active Information Resources in the 
system must be linked to each other due to using knowledge of relations 
between academic information resources. This leads to the complicated 
structure in the system. In addition, the users’ knowledge was added to 
improve the correctness of recommendation. Even the overall correctness 
measurement (F-measure) could be improved, recall, one of the correctness 
measurements, was worsening. However, to improve the correctness of 
recommendation, all measurements should be improved. 
In this research, the new agent-based method would be introduced to 
support using academic information resources in personal uses environment 
together with the original knowledge enhanced search method in order to 
improve correctness of search results. 
 
1.2 Academic Active Information Resource system (AAIR) 
Academic Active Information Resource (AAIR) is the academic information 
resource which is applied the scheme of Active Information Resource (AIR) 
[1]. An AIR is an information resource that is enhanced and extended with 
information resource specific knowledge and function for actively and 
flexibly facilitating use/reuse of it. Construction of AIR consists of 
information resource, utilization support knowledge and utilization support 
functions as depicted in Figure 1.1. 
Therefore, Academic Active Information Resource is an AIR which contains 
academic information resource as Information Resource in AIR and contains 
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the knowledge and functions in the domain of academic information resource.
 
Figure 1.1: Construction of Active Information Resource (AIR)
 
Figure 1.2: Construction of Academic Active Information Resource (AAIR) system 
In the AAIR system, AAIRs are connected with links represent relations 
among them such as the same author and referencing/being referenced. After 
that, the knowledge enhanced method is applied to process the 
recommendation task. There are two kinds of knowledge used. The first one 
is knowledge of relations among academic information resources (KR) which 
is adopting spreading activation model to retrieve the resources. The second 
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one is user’s knowledge about academic information resources (KU) used to 
support the retrieval process for the same search query. After both kinds of 
knowledge are added to the recommendation process, the improvement on 
correctness could be expected. However, when the users’ knowledge was used, 
a correctness measurement was affected. The detail of knowledge enhanced 
method would be described and discussed later in chapter 2 of this research. 
When user wants to search AAIRs in the system, user can search by sending 
search request from User agent which provides the GUI to support activity 
from the user. After searching process finished, the search results would also 
display on the GUI from User agent. 
 
1.3 Overview of this research 
The purpose of this research is to introduce the method to improve 
correctness of recommendation of Academic Active Information Resource 
(AAIR) system. The goal of AAIR system is to support the research activity in 
distributed place for personal collection, and use knowledge enhanced search 
method to improve the correctness above from the original recommendation 
method by getting the advantage of characteristics of academic information 
resources. 
However, when user’s knowledge, knowledge using in knowledge enhanced 
search method, is added to process the recommendation, all correctness 
measurements are improved except recall. In order to improve the 
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correctness of recommendation in all aspects, a method to improve this 
measurement without effect to other measurements was considered. 
Hence, we propose agent-based method to assist recommendation process of 
the system by introducing an idea to specify groups of AAIRs in the system. 
This idea is based on tagging system by aiming to improve the correctness of 
recommendation. The details would be described in the following chapters. 
 
1.4 Organization of the thesis 
In chapter 2, the related works about knowledge enhanced method and 
tagging system would be discussed. The proposed method for AAIR system 
would be described in chapter 3. Then, details of implementation, 
experiment and evaluation of this research would be described in chapter 4. 
Finally, the conclusion and future work would be discussed at the end of this 







Chapter 2 Related Works 
 
This chapter will provide the concept of Knowledge Enhanced Search method 
for AAIR system. In addition, the concept of tagging system will be 
introduced. 
 
2.1 Knowledge Enhanced Search method 
Knowledge enhanced search method [1] is a search method using for 
Academic Active Information Resource system. It used two types of 
knowledge to improve the results of recommendation above from 
conventional search (text matching method): 
1. Knowledge of relations among academic information resources (KR) 
2. User’s knowledge about academic information resources (KU) 
The details of these two kinds of knowledge are described as follows. 
 
2.1.1 Knowledge of relations among academic information 
resources (KR) 
The concept of this knowledge is that a relation between information 
resources often implies that they are relevant to the same research topics. In 
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other words, a strong relation between them implies a high possibility that 
they are relevant to the same search requests. According to this 
consideration, this type of knowledge can be used to improve a search by 
considering that even if information resources do not directly match a 
request, but they are related to the ones that can match the request, they 
should also be considered as relevant resources to the request. The basic idea 
of using this knowledge is depicted as in Figure 2.1. 
 
Figure 2.1: Basic Idea of searching by KR in AAIR system 
In order to apply this knowledge, “Spreading Activation” model [3] is used. 
This model is originally made up of a conceptually simple processing 
technique on a network data structure. When this model is applied to AAIR 
system, a node in the network represents an AAIR and an edge represents a 
relation between AAIRs. However, there could be more than one edge 




The steps of recommending by this knowledge are depicted and described as 
follows: 
 
Figure 2.2: Process of recommending by using KR in AAIR system 
 
(1) User agent broadcasts search request to all AAIRs. 
(2) After each AAIR tried to match the search request to its keyword, title 
and user’s comment, AAIRs judged as related will be marked to send 
back to the user and become initial nodes for spreading. 
(3) Neighbor of the related AAIRs from step 2 will be evaluated via 
spreading process. Relevance score of the AAIRs would be 
accumulated. 
(4) After accumulated relevance are updated. AAIRs whose accumulated 
relevance is higher than threshold will be marked to reply back to 
user. 
(5) Repeat the step (3) and (4) until there are no more related AIRs to 




2.1.2 User’s knowledge about academic information resources 
(KU) 
The concept of knowledge is the researcher’s previous evaluation and opinion 
should be considered as important hints. It is a method to apply knowledge 
of users when they judge if each search result is related to the search 
keyword they send to the system or not. 
The method of using this knowledge is to considering the opinion of user on 
each AAIR in search results. Positive evaluation will mark that resource for 
recommending next time. Negative evaluations will mark that resource not 
to be sent to user for the same request next time. The idea of this knowledge 
is depicted as Figure 2.3. 
  
Figure 2.3: Process of recommending by using KU in AAIR system 
 
According to the result of the experiment from the original system, user’s 
knowledge (KU) could improve the precision but recall is decreasing. In order 
to improve the correctness, the recall should also be improved. 
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Hence, the idea to improve recall on original AAIR system would be 
introduced. 
2.2 Tagging system 
In recent years, tagging systems have become increasingly popular [4]. These 
systems enable users to add keywords (i.e., “Tags”) to Internet resources (e.g., 
web pages, images and videos) without relying on a controlled vocabulary. 
Tagging systems have the potential to improve on traditional solutions to 
many well-studied web and information systems problems. 
The model of tagging systems usually consists of three individual elements: 
resources, users, and tags. For a conceptual model of social tagging systems, 
users assign tags to a specific resource; tags are represented as edges 
connecting users and resources. Resources may be also be connected to each 
other (e.g., links between web pages) and users may be associated by a social 




Figure 2.4: General model of tagging system 
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Generally, multiple tags can be assigned to an item in the system. Tags can 
represent the keyword of the items based on users’ opinion. In addition, user 
can retrieve the item related to keyword better by referring to tag given to 
items [4]. 
Among the number of different tagging systems, there are some key 
dimensions of tagging systems’ design[2] that may have immediate and 
considerable effect on the content and usefulness of tags generated by the 
system. Some of these dimensions to consider here are: 
1. Tagging Rights: A tagging system can be restricted to self-tagging, where 
users only tag the resources they created or allow free-for-all tagging, 
where any user can tag any resource. However, the implication for the 
nature of the tags that emerge is that free-for-all systems are obviously 
broad. 
2. Tagging Support: Tagging system behavior can be divided into three 
categories. These categories are blind tagging, where a user cannot view 
tags assigned to the same resource by other users while tagging; viewable 
tagging, where the user can see the tags already associated with a 
resource; and suggestive tagging, where the system suggests possible 
tags to the user. Suggested tags can also be generated from or other 
sources of related tags such as automatically gathered contextual 
metadata, or machine-suggested tag synonyms. The implication of 
suggested tagging may be to help consolidate the tag usage for a resource, 
or in the system, much faster than a blind tagging system would be. 
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3. Resource connectivity: Connectivity can be roughly categorized as linked, 
grouped, or none. As a result, implications for resultant tags and 
usefulness may include convergence on similar tags for connected 
resources, especially in suggested and viewable tagging support 
scenarios. 
In this research, the dimensions of resource connectivity and tagging support 
of tagging system are considered to the new agent-based method to improve 
the correctness of recommendation in the AAIR system. When this new 
method is applied to AAIR system with knowledge enhanced method, the 
better correctness would be expected. However, this method is not only 
giving the advantage of improving the correctness of recommendation, but 
also creating the groups of AAIRs in the system with can be the benefit of 






Chapter 3 Method for Improving Correctness 
of Recommendation of AAIR 
 
In this chapter, we will discuss the detail of the proposed solution to improve 
correctness of recommendation of Academic Active Information Resource 
 
3.1 Overview 
The proposed solution is depicted as Figure 3.1. The new type of agent called 
“Tag agent” is introduced. The basic idea of this type of agent is applied from 
the concept of tagging system, which is described in the previous chapter. 
Tag agent contains a previously specified keyword, after a tag is added from 
user. The new tag agent would be created and connected to the AAIRs by an 
automatic method seeking for AAIRs which should be connected or “tagged” 
to the tag agent. This automatic method is to compare and match the 
keyword within each AAIR and keyword of the tag agent. Several methods to 
connect tag agent to AAIRs would be considered in the experiment such as 
text matching and similarity function. 
This new type of agent could give the advantage in knowledge enhanced 
method by trying to find new starting points in spreading activation process, 
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apart from the original method. Moreover, tag agent can reach the AAIRs in 
the system related to search request easier when user ’s knowledge was 
added to the system which may be resulted that related AAIRs cannot be 
accessed by spreading process. In addition, according to this type of agent, 
the resources in the system could be considered as groups and AAIR system 
may be able to utilize this characteristic in the future. 
In order to introduce this proposed solution, the creation of tag agent would 
be considered, as well as the following two functions related to the new type 
of agent: 
1. Adding Tag agent to AAIR system 
2. Searching by utilizing Tag agent 
 
3.2 Creation of Tag Agent 
In each tag agent, there are two fundamental attributes included. 
1. Tag word: It is a string of any word used to be as the keyword of tag agent. 
This string would be used to match with the search request and compare 
to keywords in AAIRs to decide whether it will connect to each AAIR or 
not. 
2. List of related AAIRs: This is the list which contains knowledge of related 
AAIRs to that tag agent. ID of AAIRs related to tag agent would be 
collected in this list as the connection from tag agent to AAIR. 
The following example is a system when there is a tag agent with tag word 
“agent-based”. Assume that AAIR-0002 and AAIR-0004 are only 2 AAIRs 
which contain keyword that can connect to tag agent which is “agent-based” 
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and “Agent-Based Approach”, respectively. These keywords, which can 
connect to tag word, are depended on the function to create a connection. The 
detail would be described in the next topic. In addition, tag word would also 
be used to match with search keyword in the recommendation process whose 
detail is described in the following topic. The example is depicted in Figure 
3.1 with details of example of AAIRs’ keywords in Table 3-1. 
 
Figure 3.1: Construction of Tag Agent 
Table 3-1 Example of AAIRs and their keywords to show construction of Tag agent 
No. AAIR’s ID Keyword in AAIR 
1 AAIR-0001 Agent, Data Mining, Integration, Interaction 
2 AAIR-0002 agent-based, microgrids, distributed system 
3 AAIR-0003 Distributed Computing, agent, Jini 
4 AAIR-0004 Agent-Based Approach, software system 
5 AAIR-0005 intelligent agent, knowledge decision, service quality, 
user agent, web information gathering, multi-agent 
systems, quality of service, search engines, … 
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The relation between an AAIR and tag agent is represented by list of related 
AAIRs in tag agent. Tag agents use this list to refer as the address to send or 
forward informing message to AAIRs. In this example, AAIR-0002 and 
AAIR-0004 are listed in tag agent means the relation of these AAIRs to tag 
agent of “agent-based”. 
3.3 Adding Tag Agent to AAIR system 
The process to add a tag to the AAIR system can be described as the 
following steps: 
1. User keys a word to be a tag via the interface provided by User agent. 
2. User agent sends creating tag request message which contains the word 
to be a tag via User agent. 
3. Tag agent in repository receives creating tag request message from User 
agent. 
4. Tag agent will instantiate itself in the workplace and set its tag word. 
5. New created tag agent tries to connect to AAIRs by broadcasting asking 
for tag relation message to AAIRs. 
6. AAIRs receive asking for tag relation message from tag agent. 
7. Each AAIR checks the relation by deciding base on a function for 
automatic tagging method. 
8. If any AAIR finds out that they are related to the tag, it will inform 
relation back to that tag by reply with informing tag relation message 
which contains its information such as ID. Otherwise, no action performs 
from AAIR. 
9. Tag agent receives informing tag relation message from resources. 





Figure 3.2: Sequence diagram of Adding Tag Agent 
A function to create relation between each AAIR and tag can be implemented 
in various ways. In this research, keyword matching method is used with 
these different considerations: 
• Perfect matching: check if there is any keyword in AAIRs which is the 
same one in tag agent. For instance, “agent-based” string can be matched 
only to “agent-based” string. 
• Substring matching: check if there is a keyword in AAIRs contains tag’s 
word or tag’s word contains any keywords of AAIRs. For instance, 
“agent-based” string can be matched to either “agent-based”, “agent”, 
“agent-based system”, etc. 
• Similarity function: check if there is any pair of keyword in AAIRs and 
tag’s word which has the similarity score over the threshold score. The 
possibility of closed string is depending on the threshold setting. For 
example, “agent-based” may be able to be matched with either 
“agent-based”, “agent based”, “agent”, “agent system”, etc.  
The example of result of keyword matching method is shown in Table 3-2. 
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Table 3-2: Example of result of each matching function when Tag word is 
“agent-based” 
Function Tag word Possible keyword in AAIR to connect 
Perfect matching agent-based agent-based 
Substring matching agent-based • agent-based 
• agent 




agent-based • agent-based 
• agent based 
• agent 
• agent system 
Etc. 
In implementation, Dice coefficient was used to as similarity function with 
an advantage of ability to deal with the order of words in a string. 
3.4 Dice’s coefficient 
Dice’s Similarity Coefficient is a metric originally developed for the 
comparison of biological specimens [9], which returns a real numeric value in 
the range 0 to 1. This assigned value can describe the lexical similarity 
between two words. Recently, it is the technique to find similarity of an 
object and widely used in digital library, sciences and other fields. For 
example, there is also an application which is used this technique for paper 
or document application/system [10],[11]. 
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In order to calculate the similarity between 2 strings, this function uses the 
number of adjacent character pairs (bigram) are contained in both strings as 
follows: 
For 2 given strings, S1 and S2, each adjacent pair of characters is put in the 
set of strings, pairs(S1) and pairs(S2), respectively. The similarity value can 
be calculated from this formula. 




For example, if two strings are “agent” and “agent based”, so 
pairs(S1) = {(a,g), (g,e), (e,n), (n,t)} 
pairs(S2) = {(a,g), (g,e), (e,n), (n,t), (b,a), (a,s), (s,e), (e,d)} 
Hence, similarity score is 
2×(4)
4+8
 = 0.667 
The following example would show the case that, threshold between 0.6 and 
0.7 is an approximate value to determine that there are at least half of 
bigrams shared between two strings. 
Assume that the first string S1 contains x bigrams and S2 contains y bigram 
and S2 is longer than S1 (𝑥 ≤ 𝑦). If the common bigrams from both strings 




which is also less than x anyway. 











In case of the number of bigrams of the longer string (y) is 2 times of the 
number of the shorter string (x) (longest case), the similarity score would be 
2
3
 or 0.667. 
As a result, the threshold for the Dice’s similarity in automatic tagging 
would be set in the interval between 0.667 in the experiment with the 
assumption that at least half of bigrams should be in both strings to create a 
connection. 
 
3.5 Searching by utilizing Tag agent 
The process to search by utilizing Tag agent in the AAIR system can be 
described as the following steps (depicted in Figure 3.3 and 3.4): 
1. User sends search request message via interface provided by User agent. 
2. Tag agent receives search request message from User agent. 
3. Tag agent tries to match its tag word to keyword in search request. 
Search request would be considered as matching to the tag if the keyword 
in search request is a substring of tag’s keyword. 
4. If keyword in search request can match to tag word, that tag agent will 
inform the AAIRs in the related AAIR list that they are related to the 
search request by sending informing related to search request message.  
5. Related AAIRs receive informing related to request message from tag 
agent. 




Figure 3.3: Sequence diagram of Searching by utilizing Tag Agent
 
Figure 3.4: Process of searching by Tag agent 
For example, when user sends search keyword as “agent” to the system and 
there is a tag agent that contains “agent-based” as tag word. The step of 




1. User agent broadcasts search request with “agent” as search keyword. 
2. Tag agent receives search request from User agent. 
3. Tag agent tries to match search keyword (“agent”), to tag word 
(“agent-based”). Because “agent” is a substring of “agent-based”, this 
request can match to this Tag agent. 
4. Tag agent informs AAIRs connected to it by sending informing related to 
the search request message. 
5. Related AAIRs receive messages from AAIRs. 
6. Each related AAIR sends relevant report message back to User agent if 
there is no user ’s knowledge indicates that it is not related to search 
keyword before. 
3.6 Organization of Agent-based recommendation of AAIR 
After the agent-based method is applied to the system, the organization of 
agent-based recommendation of AAIR system has been changed. As a result, 
the scenario for adding a new tag agent is considered. Additionally, the 
scenario for processing recommendation is also reconsidered. 
 




3.6.1 Adding Tag Agent scenario 
In this scenario, original types of agents are added some functions to work 
with tag agent. User Agent must additionally deal with creating tag request 
message, and AAIRs must deal with messages related to tag relation 
discovering. The related messages to this scenario are described in Table 3-3. 
Note that the number in blankets indicates the ordering of sending/receiving 
messages. 
Table 3-3: Messages related to the adding Tag agent function 
Agent Type Sending messages Receiving messages 
User (1) Creating tag request message - 
AAIR (3) Informing tag relation message (2) Asking for tag relation 
message 
Tag (2) Asking for tag relation message (1) Creating tag request message 




3.6.2 Searching scenario 
In this scenario, AAIRs in the original system and tag agent must have some 
functions to work together. AAIRs must deal with informing related to 
request message from tag agent. Meanwhile, tag agent must have a function 
to receive the search request, process the matching and send informing 
message to AAIRs. The related messages to this scenario are described in 
Table 3-4. Note that the number in blankets indicates the ordering of 
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sending/receiving messages. The searching process after adding tag agent to 
the system is as in Figure 3.4. 
Table 3-4: Messages related to the searching by utilizing Tag agent function 
Agent 
Type 
Sending messages Receiving messages 
User (1) Search request message 
(4) Deeper search request msg. 
(3) Relevant report message 
AAIR (3) Relevant report message (1) Search request message 
(2) Informing related to request 
message 
(4) Deeper search request msg. 
Tag (2) Informing related to request 
message 










Chapter 4 Experiment and Evaluation 
 
In this chapter, the experiments were done to evaluate the performance of 
the new agent-based method. The performance of method with different 
automatic functions to connect between tag agents and AAIRs would be 
discussed. Then, the evaluation on the performance would be discussed. 
4.1 Implementation 
Implementation to do experiments on the new method was the extension 
from the original system. Development Environments are as follows: 
1. ADIPS/DASH ver. 1.9.7h[5] 
ADIPS/DASH is a multi-agent framework for developing and deploying 
agent systems. Knowledge of an agent will be described in a rule type 
description language (dash file and rule set file). In addition, this 
framework enables each agent to have a computational base process in 
Java language. In addition, IDEA[6] was used to support the 





2. Java (JDK 5.0) 
Java JDK 5.0 was the compatible version of programming language used 
to implement computational base process for each agent in DASH 
framework. 
In order to implement tag agent, the following programs were implemented 
additionally to the current class files and modules, as shown in Table 4-1. 
Table 4-1: Implemented programs for supporting Tag agent’s activities 
File Type Implemented program 
Rule Set Tag-Agent-Rules.rset 
Agent Tag-Agent.dash 
Base Process TagAgentBP.java 
As mention before, dash file is the program which contains a rule to 
instantiate tag agent. Rule set file is the program which contains rules to 
support the activity of tag agent. Finally, a java file is created to work as the 
base process, computation and message creation are done from this part. 
 
4.2 Example of Scenario of use 
User can add tag agent to the system from the GUI of User agent in addition 
to adding new AAIRs and sending search request, as shown in Figure 4.1. To 





Figure 4.1: User Agent’s GUI of AAIR system: adding AAIRs and Tag agent 
The situation in this scenario is user added some AAIRs, tag agent with 
“agent” as tag word and tag agent with “agent-based” as tag word into the 
system. Then, user tried to search AAIRs with search keyword “agent”. The 
search results were shown on the GUI after the recommendation process was 
finished. 




Figure 4.2: User Agent’s GUI of AAIR system: search result 
 
4.2.1 Adding Tag agent 
Regarding to Figure 4.1, after user added AAIRs and a tag agent with “agent” 
as tag word into the system, another tag agent with “agent-based” was going 
to be added in the system. Adding Tag agent can be done by pressing “Add 
New Tag” button on GUI, and then the dialog box to insert tag word would 
appear. After adding tag agent process was finished, tag word of tag agent 
added to the system would be shown in the list on the left side of GUI to 




4.2.2 Searching with search keyword “agent” 
Regarding to Figure 4.2, user sent search request with “agent” as search 
keyword. After user agent broadcasted request and gathered results, the 
results would be shown in the list on the left side of GUI.  
In order to explain the effect of using tag agent, some of search results (5 
AAIRs in search result list) would be used as an example, as detail about 
their keywords shown in Table 4-2. Keywords in bold letter mean the 
keywords which might be used to connect with one or both of tag agents in 
the system, “agent” and “agent-based”. (In this scenario, there are 2 tag 
agents in the system, “agent” and “agent-based”). 
The explanation for effect of tag agent is as following: 
• To match search keyword to tag word. 
According to the result shown in Figure 4.2, all 5 AAIRs are marked by tag 
agents (the results marked by “agent” tag agent are shown in red boxes, and 
the results marked by “agent-based” tag agent are shown in green boxes.) 
Even if the search keyword was “agent”, both tag agents (one with “agent” as 
tag word and one with “agent-based” as Tag word) were used together in the 
recommendation process. It is because search keyword, “agent”, can match to 
both “agent” and “agent-based”. As a result, both tag agents would forward 




Table 4-2: Example of AAIRs and their keywords using in scenario 
No. AAIR’s ID Keyword in AAIR 
1 AAIR-0102 Lib2.0, Lib2.0 personalized information service 
system, college library information management 
system, digital library, filter agent, information filter, 
information retrieval, intelligent agent, knowledge 
decision, learn agent, multi-agent system, search 
agent, search engine, service quality, user agent, web 
information gathering, web information mining, 
Internet, digital libraries, information filtering, 
multi-agent systems, quality of service, search 
engines 
2 AAIR-001 Agent, Data Mining, Integration, Interaction 
3 AAIR-009 agent-based, microgrids, distributed system 
4 AAIR-Article0003 Distributed Computing, agent, Jini 
5 AAIR-014 Agent-Based Approach, software system 
• Relation between Tag agent and AAIR 
An example to show this kind of relation is the relation between AAIR-014 
and “agent-based” tag agent. Though there is not “agent-based” appeared as 
a keyword of AAIR-014, there is “Agent-Based Approach” appeared as a 
keyword of AAIR-014 (blue box in Figure 4.2). Accordingly, AAIR-014 would 
be listed in the related AAIRs list of “agent-based” tag agent. When 
“agent-based” tag agent receive search request with “agent” as search 
keyword, it can send informing message to related AAIRs including 
AAIR-014. As a result, AAIR-014 became one of search results for 
“agent-based” search request. 
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Actually, tag agent with “agent” as tag word might not be able to connect to 
AAIR-014 depends on which of the similarity function was used as 
connecting function. However, tag agent with “agent-based” as tag word can 
access to AAIR-014 because it can connect to “agent-based approach”, which 
is more similar to “agent-based” than “agent”. 
This scenario could be depicted as in Figure 4.3. 
 
Figure 4.3: Scenario of searching “agent” from AAIR system 
 
4.3 Configuration of the Prototype system 
All experiments were done in the following environments: 
 OS: Windows 7 Professional (64-bit) 
 CPU: Intel Pentium CPU B950 2.10 GHz 




In the experiment, the data set of academic information resources used to 
evaluate knowledge enhanced search method (original system) is used. 110 
AAIRs were created from these academic information resources. From 252 
keywords used by 110 academic information resources, 30 most popular ones 
were chosen to be used as requests and also tag word in tag agents. 
Because Academic Information Resource system is the system for personal 
using, academic information resource used in the experiment would be 
focused on only user’s interesting topics. 
Before the experiments were conducted, user of the academic information 
resources determined relevant resources for each keyword. Each academic 
information resource is collected in RDF[7],[8] format file which is a 
metadata data model for knowledge representation. 
 
4.4 Experiment Procedure 
According to the requests selected as described above, each request was sent 
to the system. The average values from 30 requests are used for evaluation 
for each correctness measurement. The list of 30 most popular keywords of 
110 AAIRs in experiments is shown in Table 4-3 in alphabetical order. These 
keywords were also used as tag agents to be added into the system in the 





Table 4-3: List of 30 keywords used in experiment 
agent mediator 
agent-based mobile agent 
agent-based approach multiagent 
agent-based computing multiagent system 
agent framework ontology 
agent-oriented peer data management 
agent system peer-to-peer 
associative information retrieval relevance feedback 
autonomous agent repository-based agent framework 
distributed search semantic web 
information agent software agent 
information filtering software engineering 
information retrieval software system 
intelligent agent spreading activation 
knowledge base web service 
The experiment scenarios would be divided and evaluate in 2 main scenarios 
as follows: 
1. Baseline: This is the situation when there is no tag agent added to 
support the recommendation process. Only Knowledge Enhanced 
Search method was used to make the recommendation. 
2. Tag agents are added to the system. All 30 keywords using as requests 
would also be used to be tag agents in the system. In this scenario, 
different automatic methods to connect tag agent to AAIRs (as 
described in chapter 3) are evaluated. 
2.1 Perfect matching 
2.2 Substring matching 
2.3 Similarity function (Dice’s coefficient) when: 
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 Threshold = 0.70 
 Threshold = 0.65 
 Threshold = 0.60 
The value of threshold was set from 0.6 to 0.7 because, as previously 
described, the similarity score in this interval represents approximately half 
of letter pairs between 2 strings are in common. 
In order to confirm the results, the experiments were conducted 4 times, and 
the average values from all 4 experiments are evaluated because the 
performance of communication in the AAIR system can be different from 
time to time. 
 
4.5 Experimental Results 
After all search results are sent to user, the measurements of correctness of 
recommendation, which are recall, precision and F-measure, are used for 
evaluation. The experimental results are shown as in Table 4-4. 
Table 4-4: Experimental results with 110 AAIRs 
Automatic Method Recall Precision F-measure 
Perfect matching 0.637103 0.725401 0.617227 
Substring matching 0.669994 0.659893 0.615166 
Similarity function with  
threshold = 0.70 
0.640106 0.736043 0.625249 
Similarity function with 
threshold = 0.65 
0.658381 0.742232 0.640367 
Similarity function with  
threshold = 0.60 
0.649564 0.734253 0.637021 
Baseline 0.646748 0.724175 0.623188 
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Some examples of search results are shown in the Appendix C with the 
summary of their requests. 
4.6 Additional Experiment with more AAIRs 
In order to see the effect when the number of AAIRs is increasing, the 
additional experiment is done by increasing the number of AAIRs to 151 
AAIRs. This experiment would be divided into 2 main scenarios: baseline 
and system with tag agents connecting by similarity function with threshold 
at 0.65. 
The experimental results are shown in Table 4-5. 
Table 4-5: Additional experimental results with 151 AAIRs 
Automatic Method Recall Precision F-measure 
Similarity function with 
threshold = 0.65 
0.569959 0.747912 0.605586 
Baseline 0.570000 0.693615 0.572036 
Percentage -0.01% 7.83% 5.87% 
 
4.7 Evaluation 
According to the experimental results, it was verified that this new 
agent-based method with an appropriate automatic tag agent connecting 
function can improve the correctness of recommendation on all 
measurements. Based on the results, the best method to automatically tag 
agent is using similarity function with the threshold value at 0.65. When we 
use this function, the recall, precision and F-measure is improved to 1.80%, 
2.49% and 2.76%, respectively. 
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Table 4-6: Improvement of correctness when using similarity function  
at threshold = 0.65 
Improvement of correctness Recall Precision F-measure 
Real value 0.011633 0.018057 0.017179 
Percentage 1.80% 2.49% 2.76% 
To conclude, the combination of knowledge enhanced method and tag 
agent-based method with proper setting can improve the correctness of the 
Academic Active Information Resource system of all measurements. 
When the user ’s knowledge was added into the recommendation process, 
some of the AAIRs might be excluded from the search results. As a result, the 
precision was better because the number of AAIR which is not related to 
search keyword in search results were reduced. However, some related 
AAIRs were also excluded from the search results. This could be the reason 
why the precision was better, but the recall was worse. 
According to the new agent-based method, it could find related AAIRs which 
were not included in the search results due to adding user’s knowledge. In 
addition, when tag agent can connect to the related AAIRs precisely, the 
AAIRs added to the search results are most likely to be related to search 
keyword. As a result, the recall can be improved without affecting the 
precision. Actually, the precision can also be improved with the effective 
method of using tag agent. 
Regarding to the additional experiment with more AAIRs, it shows that tag 
agent could still work well when it can still improve precision and F-measure. 
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Even if recall cannot be improved, it did not apparently decrease so much. 
However, AAIR system has the scalability issue when the number of AAIRs 
is increasing, the correctness would be decreasing no matter the tag agents 
are added to the system or not. However, percentage of decreasing of 
F-measure when tag agents are added was still less than the percentage in 
case there is no tag agent added to the system, as shown in Table 4-7 and 
Table 4-8. 
 
Table 4-7: Changing of correctness when number of AAIRs is increasing, and there 
is no tag agent. 
Number of AAIRs Recall Precision F-measure 
110 AAIRs 0.646748  0.724175  0.623188  
151 AAIRs 0.570000  0.693615  0.572036  
Percentage of changing -11.87%  -4.22%  -8.21%  
 
Table 4-8: Changing of correctness when number of AAIRs is increasing, and tag 
agents are added. 
Number of AAIRs Recall Precision F-measure 
110 AAIRs 0.658381  0.742232  0.640367  
151 AAIRs 0.569959  0.747912  0.605586  





The possible reasons that correctness is decreasing when the number of 
AAIRs is increasing could be including, but not limited to, as follows: 
1. The structure of AAIRs, especially when the additional AAIRs were added 
into the system, had changed. In addition, the characteristic of additional 
AAIRs might be different from the original 110 AAIRs, for example, there 
is not enough information to create the relation among them. 
2. When the number of AAIRs is increasing, the number of messages using 
in the system is higher. As a result, the performance of communication in 
the system is worse. Because both recall and precision are decreasing 
when there are more AAIRs, and recall is decreasing rapidly comparing to 
other measurements, it could mean that both AAIRs, which is related to 
the search request and AAIRs which is not related to the search request, 
cannot send reply message back to user agent. When the related AAIRs 
cannot reply back to user agent, recall would be absolutely worse. In 
addition, it also affects to precision which, however, is not worse as recall 
is because nonrelated AAIRs are also not be able to reply back to user 
agent. 
Regarding to Table 4-8 when tag agents added to the system, if we 
compare to result in Table 4-7, recall is worse than recall in the case that 
there is no tag agent. In contrast, precision is a little bit better. This 
might be considered that the number of messages that the user agent 
cannot receive in limited time of the recommendation process is higher. It 
is because reply messages from related AAIRs which user agent can 
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receive is less, together that reply messages from nonrelated AAIRs, 
leading to the slightly increasing of precision. 
According to the evaluation, the experiment for more AAIRs should be done. 
Moreover, the method to reduce the number of messages using in AAIR 







Chapter 5 Conclusion 
 
 
5.1 Research Achievements 
The purpose of this research is to support the using of Academic Active 
Information Resource (AAIR) system in a private place by improving the 
correctness of recommendation of the system. 
According to the structure of AAIR system, which the resources are linked to 
each other, the structure became complicated. Therefore, an idea to group 
the AAIRs is introduced by adopting the characteristic and design of tagging 
system to an agent-based method. 
The proposed solution is to introduce “Tag Agent” to AAIR system. This tag 
agent can be added by user into the system, and then it would automatically 
seek for the related AAIRs to connect. The experiments were done to 
evaluate the performance of methods to connect tag agent to AAIRs. 
The experimental result showed that, together with Knowledge Enhanced 
Search method from the original system, this agent-based method can 
improve all correctness measurements when using the appropriate function 
to connect tag agent. 
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5.2 Future Work 
There are some issues that should be considered in the future when the 
concept of tag agent is introduced. 
1. Scalability issues: the experiment for higher number of AAIRs is needed. 
Because when the number of AAIRs is increasing, the performance of the 
system can be poor because of the large amount of messages sending and 
receiving in the system. Especially, when the messages were sent by 
broadcasting which can cost the system a lot. In addition, when tag agent 
is added to the system, it must broadcast informing message to all AAIRs 
in the system, which can also lead to higher communication cost to the 
system. 
2. Function to support creating AAIRs: In order to create AAIRs, the RDF 
metadata for each academic information resource is necessary. Hence, the 
function to support activities to create AAIR should be considered. This 
process can usually be done manually. However, if the function to support 
creating AAIR is introduced, the experiment and usage activity would be 
easier. 
In fact, tag agent could include more functionality in order to support the 
Academic Active Information Resource system. According to this new 
structure after introducing tag agent, not only correctness but also 
performance of the system might be able to improve. For example, tag agent 
might be smarter by collecting some information or knowledge for better 
decision to connect to any AAIRs. 
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Moreover, due to the groups created by tag agent, reducing the number of 
messages sent to AAIRs is possible by using tag agent to start searching 
process and communicating to other AAIRs by multicasting instead of 
broadcasting message. 
Meanwhile, the method to solve the scalability issue when the concept of tag 
agent applied to the Academic Information Resource system should be 
considered. A way to reduce is to avoid the using of broadcasting message. 
User agent might contain some information in order to help tag agent 
looking for the related AAIRs and automatically connect to only those AAIRs 
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Appendix A Correctness Measurements 
 
The correctness measurements used in this research are recall, precision and 








According to Figure A (1), to consider the relation for a request, let;  
Number of related items retrieved from system (items in the yellow area) be 
X, 
Number of all relevant items from system (items in green and yellow area) 
be NRel, 
Number of all items retrieved for the request (items in blue and yellow area) 
be NRet, 
Then, 





















For example, according to Figure A (2), after user sent the search request to 





In this case, X is 3, NRel is 6 and NRet is 4. Therefore, each correctness 
measurement can be calculated as follows: 
Recall   = 
 
 
   =  0.5 
Precision  = 
 
 
  =  0.75 
F-measure  = 
    ×    
   +    
 =  0.6 
  
 
Figure A (2): Example scenario to calculate correctness measurement 
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Appendix B Example of AAIR 
Academic Active Information Resource (AAIR) is an Active Information 
Resource (AIR) [1] which is created with academic information resource as 
its information resource. 
According to the construction of AIR, two additional things above from 
ordinary information resource are utilization support knowledge (AIR-K) 
and utilization support functions (AIR-F). The examples of AIR-K of AAIR 
would be shown as follows: 
1. Knowledge about communication and cooperation (AIR-KC): This kind of 















  (rule send-relevant-report 
    (RelevantReportToSent :requestID ?requestID) = ?report 
    (InfoRequest :requestID ?requestID) = ?infoReq 
    (SelfInfo) = ?selfInfo 
    (MetadataXML) = ?metadataXML 
    --> 
    (send :performative relevant_air_report 
          :to ?infoReq:uaID :arrival ?infoReq:uaWP 
          :content (RelevantAIR :requestID       ?requestID 
                                :depth           ?infoReq:curDepth 
                                :airID           ?selfInfo:airID 
                                :relevance       ?infoReq:relevance 
                                :comments        ?infoReq:comments 
                                :metadataXMLBody ?metadataXML:Body)) 
    (bind ?t (current-time)) 
    (print ?t "-RelevantReport: " ?selfInfo:airID " for " ?requestID " 
#" ?infoReq:curDepth) 
    (remove ?report) 
  ) 
Figure B (1): Example of AIR-KC (sent relevant report rule) 
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2. Basic knowledge about the information contents (AIR-KB) such as title, 
subject, authors, reference, etc. 
3. Knowledge obtained from user (AIR-KU) such as history of use, user’s 
comments, etc. 
4. Knowledge on the relation with other AAIRs (AIR-KR) such as “same 
author” and “references/referenced by”. 
The example of AIR-KB, AIR-KU and AIR-KR is shown in Figure B (2), (3), (4) 

























<?xml version="1.0" encoding="Shift-JIS"?> 
<rdf:RDF 
  xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 
  xmlns:dc="http://purl.org/dc/elements/1.1/" 
  xmlns:air="http://ka.riec.tohoku.ac.jp/~lbn/air-ns#"> 
    <rdf:Description rdf:about="AIR-Paper0001"> 
    <dc:type>paper</dc:type> 
    <dc:title>Information agent technology for the Internet: a 
survey</dc:title> 
    <dc:subject>intelligent agent, semantic information brokering, personal 
assistant, cooperative information system, agent-mediated electronic 
business</dc:subject> 
    <dc:creator>M. Klusch</dc:creator> 
    <dc:description>The vast amount … agent systems currently deployed on the 
Internet.</dc:description> 
    <dc:source>Data and Knowledge Engineering, 36(3):337-372,…</dc:source> 
    <dc:issued>2001-03-01</dc:issued> 
    <dc:format>pdf</dc:format> 
    <dc:language>en</dc:language> 
    <dc:coverage>NA</dc:coverage> 
    <air:dateObtained>2004-04-13</air:dateObtained> 
<air:filePath>C:¥Study¥Docs ¥InfoAgent_survey.pdf</air:filePath> 
… 














    <dc:references> 
      <rdf:Seq> 
        <rdf:_1 dc:type="paper" 
                dc:title="WebPersona: …" 
                dc:creator="E. Andre, T. Rist, J. Muller" 
                dc:source="Knowledge-Based Systems, 11(1):25-36" 
                air:referenceRange="NA" 
                dc:issued="1998-01-01"/> 
        <rdf:_2 dc:type="paper" 
                … 
                dc:issued="1998-01-01"/> 
        … 
        <rdf:_10 dc:type="paper" 
                dc:title="Bandwidth's new bargaineers" 
                dc:creator="K. Cavanaugh" 
                dc:source="Technology Review, 101(6)" 
                air:referenceRange="NA" 
                dc:issued="1998-06-01"/> 
      </rdf:Seq> 
    </dc:references> 
 
  </rdf:Description> 
</rdf:RDF> 
    <air:purpose>For study of information agent.</air:purpose> 
    <air:userComments>Look at the reference list of this survey report. 
197 ones of them.</air:userComments> 
    <air:isNewcomer>YES</air:isNewcomer> 
Figure B (4): Example of AIR-KR 
Figure B (3): Example of AIR-KU 
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Appendix C Search Result Examples 
According to Table C (1) to C (5) is the example of search results when we use 
“agent-based approach” as a search request. Note that this is the result when 
we use the tag connecting function as similarity function when threshold = 
0.65. 
Table C (1) Example results of search when using only KR and there is no tag agent 
(keyword is “agent-based approach”) 
Retrieved AAIRs 




Article0008 O Text matching 
Article0006 X Text matching 
Article0007 O Text matching 
Paper0007 X KR 
Paper0009 X KR 
Paper0008 O KR 
Article0015 X KR 
Presen0009 O KR 
Presen0007 X KR 
Presen0008 O KR 
Table C (2) Example results of search when using only KR and there are tag agents 
(keyword is “agent-based approach”) 
Retrieved AAIRs 




Paper0023 O Tag (agent-based approach) 
Article0008 O Text matching 
Article0006 X Text matching 
Article0007 O Text matching 
Paper0007 X KR 
Paper0009 X KR 
Paper0008 O KR 
Article0015 X KR 
Presen0009 O KR 
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Presen0007 X KR 
Presen0008 O KR 
 
Table C (3) Example results of search when using KR and KU, 
 but there is no tag agent (keyword is “agent-based approach”) 
Retrieved  
AAIRs 




Presen0009 O KU 
Presen0008 O KU 
Article0008 O KU 
Article0007 O KU 
Paper0008 O KU 
Paper0012 O KR 
Paper0003 O KR 
Paper0011 X KR 
Article0009 O KR 
Presen0010 O KR 
Paper0042 O KR 
 
Table C (4) Example results of search when using KR and KU, 
and there are tag agents (keyword is “agent-based approach”) 
Retrieved AAIRs 




Paper0023 O KU 
Presen0009 O KU 
Article0008 O KU 
Article0007 O KU 
Paper0008 O KU 
Presen0008 O KR 
Paper0012 O KR 
Paper0003 O KR 
Paper0011 X KR 
Article0009 O KR 
Presen0010 O KR 
Paper0042 O KR 
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No Tag agent With Tag agents 
Recall Precision F-measure Recall Precision F-measure 
Only KR 0.161 0.500 0.244 0.194 0.545 0.286 
KR and KU 0.323 0.909 0.476 0.355 0.917 0.512 
 
According to Table C (6) to C (10) is another example of search results when 
we use “agent system” as a search request. Note that this is the result when 
we use the tag connecting function as similarity function when threshold = 
0.65. 
Table C (6) Example results of search when using only KR and there is no tag agent 











Paper0011 O Text matching Article0006 X KR 
Paper0012 O Text matching Presen0008 X KR 
Paper0042 O Text matching Article0012 X KR 
Presen0003 O Text matching Presen0010 O KR 
Article0010 O Text matching Article0022 X KR 
Paper0022 O Text matching Article0002 X KR 
Paper0051 O Text matching Paper0056 X KR 
Paper0052 O Text matching Paper0007 O KR 
Paper0053 O Text matching Presen0011 X KR 
Article0001 O Text matching Article0015 X KR 
Article0009 X Text matching Article0018 X KR 
Paper0013 O Text matching Paper0046 X KR 
Paper0001 X Text matching Paper0015 X KR 
Article0011 O Text matching Paper0047 X KR 
Article0003 O Text matching Paper0025 X KR 
Article0007 O Text matching Article0014 X KR 
Paper0021 O Text matching Paper0067 X KR 
Paper0008 O Text matching Paper0020 X KR 
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Paper0014 X Text matching Article0016 X KR 
Presen0007 O KR Presen0016 X KR 
Table C (7) Example results of search when using only KR and there are tag agents 











Paper0040 O Tag (agent system) Paper0052 O Text matching 
Paper0065 O Tag (multiagent system) Paper0053 O Text matching 
Paper0006 O Tag (multiagent system) Article0001 O Text matching 
Paper0028 O Tag (multiagent system) Article0009 X Text matching 
Paper0005 O Tag (multiagent system) Paper0013 O Text matching 
Paper0045 O Tag (multiagent system) Paper0001 X Text matching 
Paper0011 O Text matching Article0011 O Text matching 
Paper0012 O Text matching Article0003 O Text matching 
Paper0042 O Text matching Article0007 O Text matching 
Presen0003 O Text matching Paper0021 O Text matching 
Article0010 O Text matching Paper0008 O Text matching 
Paper0022 O Text matching Paper0014 X Text matching 
Paper0051 O Text matching 
 
Table C (8) Example results of search when using KR and KU, 











Paper0051 O KU Presen0010 O KR 
Paper0052 O KU Article0012 X KR 
Paper0053 O KU Article0022 X KR 
Paper0011 O KU Article0002 X KR 
Article0001 O KU Article0008 O KR 
Paper0012 O KU Paper0003 O KR 
Paper0042 O KU Paper0030 X KR 
Presen0003 O KU Article0006 X KR 
Article0010 O KU Article0014 X KR 
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Paper0022 O KU Paper0067 X KR 
Article0009 X Text matching Article0015 X KR 
Paper0013 O Text matching Article0018 X KR 
Paper0001 X Text matching Paper0046 X KR 
Article0011 O Text matching Paper0015 X KR 
Article0003 O Text matching Paper0047 X KR 
Article0007 O Text matching Paper0025 X KR 
Paper0021 O Text matching Paper0020 X KR 
Paper0008 O Text matching Article0016 X KR 
Paper0014 X Text matching Presen0016 X KR 
Paper0009 O KR 
 
Table C (9) Example results of search when using KR and KU, 











Paper0040 O KU Paper0052 O Text matching 
Paper0065 O KU Paper0053 O Text matching 
Paper0006 O KU Article0001 O Text matching 
Paper0011 O KU Article0009 X Text matching 
Paper0012 O KU Paper0013 O Text matching 
Paper0042 O KU Paper0001 X Text matching 
Presen0003 O KU Article0011 O Text matching 
Paper0028 O KU Article0003 O Text matching 
Paper0005 O KU Article0007 O Text matching 
Presen0045 O KU Paper0021 O Text matching 
Article0010 O Text matching Paper0008 O Text matching 
Paper0022 O Text matching Paper0014 X Text matching 













No Tag agent With Tag agents 
Recall Precision F-measure Recall Precision F-measure 
Only KR 0.594 0.475 0.528 0.688 0.880 0.772 
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